Rationale: Congenital ventricular diverticulum is a rare cardiac malformation with a prevalence of about 0.26% in unselected adult patients during other diagnostic procedures. Ventricular arrhythmia originating from outflow tract diverticulum is even rarer and its etiology, epidemiology and proper treatment still remain controversial.
Introduction
Congenital ventricular diverticulum (CVD) is a rare cardiac malformation, which may coexist with other congenital cardiac anomalies or present alone. CVD may be associated with significant high morbidity and mortality; however, much remains unknown about its etiology and clinical manifestation, and its treatment recommendations are still undefined and controversial.
Here, we present 2 cases of isolated outflow tract diverticulum manifested by premature ventricular contractions/ventricular tachycardia (PVCs/VT) that were incidentally revealed by ventriculography during catheter ablation. The written informed consents were obtained from the 2 patients.
Case report

Case 1
A 46-year-old woman with frequent monomorphic PVCs and history of palpitations was referred for catheter ablation at our cardiology unit. There was no family history of any heart disease. Previous 24-hour Holter ECG revealed large burden of PVCs (34.2%), and the transthoracic echocardiogram did not show any pathological finding. Her physical examination and chest computed tomography were normal, and laboratory results were within the normal range. The 12-lead ECG suggested a typical left ventricular outflow tract (LVOT) origin morphology of PVCs (Fig. 1A ).
An electrophysiological study was guided by the Ensite NavX/ Velocity mapping system (St Jude Medical, St Paul, MN). The coronary angiography was firstly performed and no coronary stenosis was found.
Through a 7F arterial short sheath in the right femoral artery, a standard irrigated-tip therapy ablation catheter (Coolpath Duo, St Jude Medical) was inserted via a retrograde transaortal approach for mapping and ablation.
The clinical PVCs sustained during mapping. The 3-dimensional (3-D) geometry of the LVOT was reconstructed and the earliest activation (EA) site was located under the left coronary cusp (LCC), which was prior to onset of QRS 24 ms and the unipolar endocardial electrogram showed a QS morphology (Fig. 1D) .
Radiofrequency ablation was then targeted at the EA site, and during further contact activation mapping, the ablation catheter suddenly jumped out of the reconstructed geometry model, but was still within the cardiac structure. Ventricular angiography was then additionally performed by a pigtail-shaped angiography catheter to investigate the unusual phenomenon; however, no obvious malformation at the LVOT was detected (Fig. 1B ).
An angiography using the irrigated-tip ablation catheter was applied around the potential abnormal structure and an isolated diverticulum was found with great perfusion pressure. The "string-of-beads" like structure was at the anterior wall of LVOT, and its distal end was blind with a narrow connection to the LVOT cavity. The largest internal longitudinal is 35 mm and transverse diameter is 12 mm (Fig. 1C) .
But we failed in inserting the catheter into the structure again after soft attempts. Radiofrequency energy was delivered at the EA site at the mouth of the diverticulum (Fig. 1E ). Power ranged from 15 to 40 W with a maximum temperature limited to 55°C, and PVCs were terminated immediately. However, the patient felt great pain and the impedance fell down quickly and unusually during the short period of ablation. Considering the potential risk, the ablation at this site was aborted.
The 2nd attempt of ablation was delivered in the middle part LCC, PVCs disappeared 5 seconds after ablation but her heart rate became much slower and the patients still felt great pain during ablation.
Thus after further mapping, a 3rd attempt of ablation was delivered in the bottom of LCC, which is just over against the diverticulum. Although the local potential of this site is not more prior than the 1st point, the ablation catheter was much more steady. Power was delivered at 35 W with a maximum temperature limited to 43°C, which resulted in the immediate termination of PVCs 8 seconds later and the total ablation time was 180 seconds. No PVC could be induced after an intravenous administration of isoproterenol with an observational period of 30 minutes (Fig. 1E) .
After the ablation procedure, anther more focused transthoracic echocardiogram was performed and Color Doppler demonstrated suspicious abnormal blood flow signal at the level of aortic root, but still no obvious abnormal structure. Due to the high risk as the diverticulum was close to the aorta and epicardium, the patient refused to take further surgical intervention.
Case 2
A 53-year-old man suffered from chest pain and palpitation was admitted to our hospital with frequent PVCs and short runs of nonsustained VT recorded by 24-hour Holter ECG. Previous treatment with metoprolol tartrate failed to release the symptoms, so he referred to our hospital for catheter ablation. He also had a history of lacunar infarction, treated with aspirin and atorvastatin.
Like the 1st case, his physical examination and transthoracic echocardiography did not reveal any abnormalities, and both troponin-I and myocardial creatine kinase value levels were normal.
As the 12-lead ECG predicted a right ventricular outflow tract (RVOT) origin of PVCs/VT ( Fig. 2A) , electrophysiological study was performed through transvenous pathway guided by the Ensite mapping system (St Jude Medical). During the contact activation mapping, an abnormal diverticulum was found at the anterior free wall of RVOT. And the EA site was located inside (Fig. 2B ). An RVOT angiography was consequently performed and confirmed the isolated cauliflower-like diverticulum with unclear boundaries in the RVOT anterior free-wall. The largest transverse diameter of the diverticulum was about 3 mm (Fig. 2C) . However, the patient and his family members gave up further ablation procedure or surgical intervention after cautious consideration of the potential benefits and risks. He then received follow-up treatment with propafenone and metoprolol tartrate for rhythm control.
Discussion
As a rare cardiac malformation, the 1st report of CVD even dates back to 1816 [1] and until now several cases with different characteristics have been reported, whereas ventricular arrhythmia originating from outflow tract diverticulum has been rarely reported, and its cause, epidemiology and proper treatment still remain controversial. [2] According to the cases reported, most CVD cases were asymptomatic and were usually found coincidentally during other diagnostic procedures such as cardiac catheterization, during which it is reported to be about 0.26% in unselected adult patients. [3] And most of the CVD cases were isolated diverticulum (69.1%), without any other cardiac malformations. [4] The association between its location and patient's outcome has not been completely exhibited and most patients stay free of any complications throughout their lifetime. [5] However, CVDs could lead to serious complications such as systemic embolization, heart failure, fatal ventricular arrhythmia, diverticular rupture, or even sudden death. [6, 7] Therefore, it is really important to fully evaluate the potential cardiac risks when a CVD was diagnosed.
The subaortic area (48.0%), cardiac apex (24.0%), and leftventricular posterior wall (20.0%) were the most common locations of CVD. [4] And according to the structural characteristics of the wall, CVD can be classified into 2 types: muscular and fibrous. [8] Most muscular type is found in the cardiac apex (73.9%) while most fibrous type is located at the subaortic area (82.4%). [4] In the present 2 cases, 2 arrhythmogenic isolated outflow tract diverticulums were incidentally found by angiography during catheter ablation for PVCs/VT. The diverticulums might be fibrous type which may be responsible for ventricular arrhythmia for the 2 patients. However, the exact structures were uncertain as surgical procedure and histopathology examination were not performed.
The electrophysiological study demonstrated that the EA sites of both patients located in the CVD and the PVCs were ablated successfully after 3 attempts in the 1st case, whereas the 2nd patient gave up ablation due to the high risk. It may indicate that CVDs in the ventricular outflow tract may tend to induce ventricular arrthytmias and in which case, the EA site may located inside the CVD. However, when choosing the proper ablation target, some difficulties still exist concerning its risks and lack of experience. As exhibited in the 1st case, choosing the mouth of the CVD or the outflow sites around as the ablation target maybe reasonable.
Ventricular arrhytmias may be common complications of CVD, and catheter ablation may be beneficial under governable risks. However, until now the treatment of CVD is still undefined due to its rarity, especially for the patients with ventricular arrhytmias. For the small asymptomatic diverticulum, conservative observation was recommended and for the diverticulum with high risks, cardiac surgery might be the 1st-choice but its exact indications remain controversial. Therefore, after cautious consideration, we chose observational follow-up for the 2 patients, which has been selected in many reported cases, and also has been supported by the evidence from a series of 16 patients with diverticulum. [9] The 1st patient has been asymptomatic and free of PVCs and both patients have no cardiac event during observational follow-up for 12 months.
